. A method of inspecting the surface of articles for defects, 
comprising: 

placing the article to bo inspected on * table; 

in a firat phaee, optically esamining tha complete aurfaca of tha 
artlcla on tha tabla inspected at a ralativaly high spamd and with a 
raUtlvaly low spatial raaolution; 

alactrlcally outputtlng information indicating suspected 
locationa on tha articla having a hi<;h probability of a dafact; 

atorlng aald output tad information in a itoraga davlca; 

and in a aacond phase, while tha articla la atill on said tabla, 
optically esamining with a ralativaly high apatlal resolution only aaid 
suspected locationa atorad in aald storage davlca for tha presence or 
abeanca of a dafact in aald suspected locationa. 

2. Tha method according to Clam t # wherein said firat examining 
phase la affactad by optically scanning tha complete articla aurfaca to oa 
inspected; and aaid aacond examining phaaa is automatically affactad 
immediately after the first phase by imaging only aaid suspected locations 
on a convartar which converts tha lmagea to electrical signals and than 
analyzes aald electrical signals. 

3. The method according to Claim 1, wherein aaid aurfaca of tha 
article includes a pattern to be Inspected; and aald first examining phase 
is effected by making a comparison between the inspected pattern and 
another pattern serving as a reference pattern, and identifying locations 
on the inspected pattern wherein the comparison shows sufficient 
differences with respect to tha rafarence pattern to indicate a high 
probability of a defact in tha inspected pattern. 

4. The method according to Claim 3, wherein aaid aacond 
examining phasa is also effected by making a comparison between the 
inspected pattern and the reference pattern, and identifying locations on 
the inspected pattern wherein the comparison shows sufficient differences 
with respect to the reference pattern to indicate tha presence of a defact 
at tha i aspect ed location of the reference pattern. 

5. The method according to Claim 3, wherein said article to be 
inspected haa a plurality of repetitive pattern unite, one of which units 
serves as the Inspected pattern and is compared with at least one other 
unit of said article serving as the reference pattern. 

6. The method accordinq to Claim 5, wherein the article to be 
inspected is a semiconductor wafer having a plurality of like 
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/ e<l r.t*-circult dl.. ..ch for.* -1th Ilk. p.tt*rna, th. p.tt.rn of on. 

:rr h ic h .. th. m.p~t* i. co.^* «» u- 

patt.rn of .t lMit on. oth.r dl. s.rving .. th. r.f.r.nc. p>tt.rn. 

7. Th. m.th* according to Cl.l. 5. whar.ln th. .rticle to be 
inspect* 1. * .eolconductor waf.r having a plurality of Ilk. 
inte,r.t*-clrcuit dl... ..ch dl. b.ln, form* with a plurality of liRe 
pattern., on. of which patt.rn. of on. dl. ..rv.. a. th. in.pect* pattern 
and is corner* with anoth.r Ilk. patt.rn of th. .a- di. -rvino as tr.« 

referenct p*tt«rn. 

6. Th. ..thod according to Cl.l. 5, "h.r.in ..Id fir.t ...mining 

phase la .ffect* by th. following operation.: 

generating a fir.t flow of M str.aw of data representing th. 
pixels of different i«ages of the inspected patt.rn unit; 

generating a .econd flow of N .tr.am. of data representing the 
pixel, of different i«ag.. of th. r.f.r.nc. patt.rn unit; 

and comparing th. data of ..id first flow with th. data of th. 
second flow to provide an indication of th. .uspected location, of th. 
injected pattern unit having a high probability of a defect. 

9. Th. method according to Claim 8. wherein said comparing 

operation is effected by: 

correcting any misalignment between the two flow, of data; 

comparing the data of .ach atr.am of th. fir.t flow with th. data 
ol th. corresponds, stream of the second flow to provide an alar. v.lu. 
seating the significance of th. pres.ac. of a suspected loc.-on in th. 

and detecting a defect at a pixel location according to N alar. 
v.»lues corresponding to the N streams of data. 

10. Th. method according to Claim 5. wherein said first camming 
r :-se is effected by a laser beam which is deflected to acan a line along 
„„.. orthogonal axis, while the article to be inspected is phy.ic.lly 
Unplaced along a second orthogonal axis. 

11. Th. method according to Claim 5. wherein said second 
cxamin.ng phase la effected by the tol lowing operations: 

imaging on a converter .ach .uspect* location of th. inspect* 
pattern unit and th. corresponding location of th. reference pattern unit 
to output two sets of electric signals corresponding to th. pixel, of the 
inspect* pattern unit and the reference pattern unit, respectively; 

.nd comparing the pixel, of the inspect* pattern unit with th. 
corresponding pixels of the reference pattern unit to indicate a defect 



r . .i.match of . prtd.t.r.ln.d .agnltud. i. found to oft .t th. 

r# ,pectiv. location. 

12. Th. ..thod according to Cltl. U. * M< » in * 
opr.tlon 1. .tfctod by l.a,ln, ..ch su.p«t.d location of th. inspected 
pattern unit and th. r.f.r.nc. patt.rn unit at a plurality of different 
depths, and .hitting th. .l.ctric aional. of on. a.t with r..p~t to those 
of the oth.r aet to »atch th. reapectiv. depth, of th. i..gee. 

U. Th. ..thod according to Cl.i. 12. "h.r.in .aid imaging at a 
p^r.llty of dlff.r.nt depth, i. .ffcted by .oving th. in.p«:t«5 pattern 
unit and r.f.r.nc. patt.rn unit toward, and away fro- th. conv.rt.r. 

14. Th. ..thod accordino to Cl.i. 13. wh.r.in during .aid i.ag.nq 
at a plurality of diff.rent depth., a l.-P " " mt.rv.ls 
whU. th. inapected patt.rn unit and r.f.r.nc. patt.rn unit ar. being .oved 
vertically with respect to th. conv.rt.r. 

15. The ..thod according to Clal. M. wher.in ..id comparing 
operation la effected by comparing ..ch pixel and it. .grounding pixels cf 
the inspected patt.rn unit with th. corr.spondin, pix.l and it. surrounding 
plMU of the reference patt.rn unit according to pr.deter.ined threshold.', 
to indicate the location of any detected defects. 

16. The method according to Clai. 11. wherein said converter is 
an optic charge-coupled dsvice. 

1.7. A method of inspecting the surface of an article for defects. 

comprising the following operational 

generating a first flow of N atrea.s of data representing the 
pixels of different images of the inspected article; 

generating a second flow of N streams of data representing the 
pixels of corresponding images of a reference; 

and comparing the data of said first flow with the data of the 
second flow to provide an indication by said compariaon of the suspected 
locations of the inspected article having a high probability of a defect. 

18. The method according to Claim 17. wherein said comparing 

operation la effected by: 

correcting any misalignment between the two flows of data; 

comparing the data of each stream of the first flow with the date 
of the correr.por.ding stream of the second flow to provide an alar, value 
indicating th. significance of th. presence of a auspected location in th. 
stream; 

end detecting a defect at a pixel location according to N alarm 
values corresponding to th. N streams of data. 



„. Th . ..thod .ccordlno to CUi- 1». -r.in "id corr.ct.no .ny 

.non»«nt li effected by: 
*" ..,.c..n, corr..,»nd.n, .«!.««««. >» « 

""'d.,.c,.n, — - - - 

«nd .h.<t,n, ~ «~ «~~ " «" •" ,,r "~ " 
lor ..Id .l..lH~.n< th. ««• a.t«t.ng 

„. Th. -th* .ccord.n, t. «... ». -*•<•'» """"V 

„„... of d.t. b, .u-.n, c.r..l.t..n ~..ur.. In .11 po.«»l« 

Th. -th- .cc.cd.no t. C. — < '-»■'•- 

oper.t.on include.: , .„„ 

...ton.n, • typ. « ..<* P...1 >« ••<* "» 

cp.cn, e.C P.... » — i - «~ "~ uh 

corresponds P.«l ■» the corre.pond.no .tc... .« the other ,.~ 
r^r.. preLeon- threshold, -h.ch depend on the type ««- " 

,m "^r:.:";. - ...« — « - - - - h 

c o.p„r..on .n .tr.~ .-««-. «- —* - 

,oc,t.on the !-««» *« crrespond.n, to th. ...pec.." 

a. The ..thod .ccord.n, to «... ... — d c»p.r..on .. 

...cc.* b, detect,., . de,.et .t . P.... .««« 

„. The ...hod .ccord.no to «... 21. -here.n e.ch ,.»1 

,^ on, o< . Plor.l.t, o. «,pr. .cc.r«.n, t. predeter-ned pester. 

„.,„ respect t. the p.... «nd .t, P...1 n..,hbour.. mtnmimt 

». Th. ...hod .ccord.n, to «... ». P™*'""" 

parameters include: 

Ul local . indicate whether th. pi-1 " • 

relative to its neighbours; 

,bl mten.ity. .n-tctin, whether the .nte.uuty of the p»»l 
si,n»lic.nt relative to a predetermined thre.hold; 
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<c) ratio of intenaity, Indicating whether tha intenaity of tha 
pixel la aignificant with raapact to ita neighboura ralativa to Its 
predetermined thraahold; and 

<d) gradient, indicating what ha r tha pixel la 1 oca tad in a sloped 
area with naighbouring plxala ralativa to a predetermined thraahold. 

25. Tha *athod according to Clala 23, wharain aach pixel is 
assigned any ona of a plurality of typaa Including tha following: 

(a) laolatad peak, If tha pixal is a local maxima with 
aignificant intanaity and ratio; 

(b) multlpeak, If tha plxal la not an laolatad peak and ha. 
aignificant intanaity* and nona of ita naighboura la an laolatad peak; 

<c) slope, if either ona of tha pixel'a neighboura is an isolated 
peak or has aignificant gradient; and 

(d) background, if the pixel has no significant intensity or 
gradient, and none of Ita neighboura la an iaolated peak. 

26. The method according to Clam 17, wherein said N streams of 
qj data in each flow are generated by a circular array of N light collectors. 

27 « Th « **thod according to Claim 26, wherein said comparable 
pattern unite are baaed on a grid of angularly-spaced linea, and said 
X{ 1 circular array of light collectors include light collectors located to 

_ collect the light in region.! midway between the angularly- spaced lines of 

P the grid, thereby minimizing the amount of pat tern -reflected light 

N 5 collected by the respective light collector. 

28. The method according to Claim 26, wherein said grid is 
constituted of eight 4b* spaced lines, there being eight light collectors 
and eight streams of data in each of said first and second flows. 

29. The method according to Claim 17, wherein said generating 
operations are effected by a User beam which is deflected to scan a line 
along one orthogonal axis, while the article to be inspected is pnysically 
displaced along a second orthogonal axia. 

30. The method according to Claim 17, wherein said article to be 
inspected has a plurality of comparable pattern units, one of which units 
serves as an inspected pattern and ia compared with at least one other unit 
of said article serving as a reference pattern. 

31. Tha method according to Claim 30. wherein the article to be 
inspected ia a semiconductor wafer having a plurality of like 
integrated-circuit dies each formed with like patterns, the pattern of ona 
die serving as the inspected pattern and is compared with the like pattern 
of at least one other die serving aa the reference pattern. 
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32. The method according to Claim 30, wherein th. article to b« 
in6P .cted i. a eemlconductor wafer having a plurality of Ilka 
Jn't.gr.t.d-clrcult die., a.ch dla bain, formed -1th a plurality of ilk. 
pattern., ona of which pattern, of ona dla .erva. a. tha inspected patt.rn 
and n compered with another Uka pattern of tha same dla .erving a. the 

reference pat torn. 

W. A method of lnapactlng tha aurfaca of an artlcla for defect.. 

corapri.lng'the following operatlona: 

Imaging, on a converter, each location of tha article to be 
inspected and tha corre.pondlng location of a reference article at a 
plurality of different deptha. to output two aet. of electric .lgnal. for 
each depth corre.pondlng to the plsel. of the impacted article and 
reference article at that depth; 

ahlfting the electric algnala of one aet with re.pect to the 
electric .lgnal. of the other «et to match the re.pective depth, of the 
images; 

and comparing the pixels of the Inapected article with the 
corre.pondlng pixel, of the reference article to indicate a defect where a 

mismatch of a predetermined magnitude la found to exist at the respective 
location of the Inspected article. 

34. The method according to Claim 33, wherein said imaging at a 
plurality of different deptha it effected by moving the inspected article 
and reference article towarda and away fro* the converter. 

35. The method according to Claim 33, wherein during said imaging 
at a plurality of different deptha. a lamp la flashed at periodic interval, 
while the inspected article and reference article arc bring moved with 
respect to the opto-electric converter. 

36. The method according to Claim 33. wherein said comparing 
operation la effected by comparing each pisel and it. surrounding pixels of 
the inspected article with the corresponding pixel and its surrounding 
pixel, of the reference artic)e according to predetermined threshold, to 
indicate the location of any detected defecta. 

37. The method according to Claim 33. wherein said converter la 

an optic charge-coupled device. 

38. The method according to Claim 33. wherein said article to be 
inspected ha. a plurality of comparable pattern units, one of which units 
serves as the inspected pattern and is compared with at least one other 
unit of said article serving as the reference pattern. 
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39. Th. ..thod according to Cl.l. 38, wh.r.in th. articl. to b. 
^cttd 11 • ■•■icov.luctor w.f.r having • plurality of Ilk. 

;:;r,r.t^.circuit dl.. «ch for.* with Ilk. P.ct.m.. th. p.tt.r» of on. 

Lrvln, th. in.p*ct.d patt.rn .nd 1. co.p«.d with th. lik. patt.rn 
of at Itut on. oth.r die serving a. th. r.f.r.nc. p.tt.rn. 

40. Th. ..thod according to Clai- 38. wh.r.in th. articl. to b. 
in«p.ct.d i. • ...lconductor waf.r having • plurality of Hk. 
mfgrafd-clrcuit di... .Kh di. b.ln, for.* with . plurality of lik. 
p.tt.rn.. en. of which patt.rn. of on. di. ..rv.. th. mapped patt.rn 
and 1. co.par.d with anoth.r lik. patt.rn of th. .... di. ..rvin, th. 

r«f«r«nc« pattern. 

41. impaction apparatu. for in.p.ctin, th. -urf.c. of .rtxcle. 

for d.f.cta, comprising: 

a tabl. for receiving th. articl. to b. inspect*; 

fir.t ....ining «..n. ov.rlying ..id tabl. for ...mining in a 
f l,.t Ph... th. complete surface of th. articl. th.r.on at a r.l.tiv.ly 
high spM d and with a r.l.tivcly low spatial r.sol-tion. and for outputtin, 
information indicating suspected location, on th. artxcl. .urf.c. having a 

hxgh probability of a d.fect; 

•torag. ...n. for atoring th. output of ..id fxr.t eaamining 

means ; 

and ..cond ...mxnxn, mean, overlying ..id tabl. for ...mining, xn 
a ..cond phase and with a r.lativ.iy hxgh apatxal resolution, only ..xd 
suspects loction. .tor* xn ..id ator.g. ...n.. and for outputtxn, 
information indicating th. pr.a.nc. or ab..nc. of a d.f.ct xn th. auspected 

location. 

42. Th. apparatu. accordxng to Claim «t. wherein saxd fxr.t 
wa.in.n, means xnclud.a optxc ac.nnxng -an. for optically ac.nnxn, th. 
complete artxcl. .urf.c. to be m.pected; and ..id ..cond ...mining -an. 
includes xmagxn, ...n. for xwging only .aid suspected location, on a 
converter whxch converts th. im.ge. to .l.ctrxc.l .xgnal.. 

43. Th. apparatus accordxng to Cl.l. 42. wherein .axd conv.rt.r 
is an optic charge -coup lad device. 

44. The apparatu* accordxng to Claxn 41, wherein: 

th. articl. to be eaa.inrd haa a plurality of comoarah'- -ttern 
unit, to be inspected, by comparing each auch unit. id.nti:':* *• »* 
inspected pattern unit, with at least on. other pattern uni- . t^rmerf 
a reference pattern unit; and 
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•aid firet examining Mini lncludea mesne for output ting 
information Identifying locations on the inspected pattern unit In which 
the comparison shows aufficiant differences with raap#ct to the reference 
pattarn unit to indlcata a high probability of dafact in tha lnapactad 
pattarn unit. 

45. Tha apparatus according to Claim 41 , wherein said table is 
constructed to support a semi -conductor wafer having a plurality of like 
integrated-circuit dlea each forced with like patterns, the first and 
aecond examining means being located to examine and coepare the pattern of 
one die aervlng aa the Inspected pattern unit with a like pattern of at 
least one other die aarving as the reference pattern unit. 

46. The apparatus according to Claim 45, wherein said table is 
constructed to support a semi -conductor wafer having a plurality of 
integrated-circuit dlea, each formed with a plurality of like pattarn 
unita, the firat and aecond exaalnlng means being located to examine and 
coepare each pattern unit of one die aarving aa the inspected pattern unit 
with another like pattern unit of the same die aervlng aa the reference 
pattern unit. 

47. The apparatua according to Claim 41, wherein said first 
examining means comprises; 

•eans for generating a first flow of N streams of data 
representing the pixels of different images of the Inspected pattern unit, 
and a second flow of N streams of data representing the pixels of 
corresponding images of the reference pattern unit; 

and a processor for comparing the data of said first flow with 
the data of the second flow, to provide an indication by said comparison of 
the suspected locations of the suspected pattern unit having a high 
probability of a defect. 

48. The apparatus according to Claim 47, wherein said j/rocecoor 

includes; 

misalignment correcting means for correcting any misalignment 
between the two flows of data: 

comparison means for comparing the data of each stream of the 
iirst flow with the data of the corresponding stream of the second flow to 
provide an alarm value indicating the significance of the presence of a 
suspected pixel in the stream; 

ana Oetector mean* for detecting a defect at a pixel location 
ei-ardM* to N U.*— - ; . c>rrnpondin«* , ti-« N streams data. 
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49. The apparatua according to Claia 41, wharain aald aacond 
examining Mana coapriaea: 

illumination Mana for illuminating aach euapected location of 
tha impact ad articla, and a corraapondlng location on a rafaranea 

article; 

convartar Mana for receiving tha lMges of tha illuminated araaa 
of tha inapactad articla and of tha rafaranea articla, and for converting 
aaid luges to two aata of alactrical signals rapraaantir.g pixeia of tha 
racaivad laagaa of tha inapactad articla and of tha rafaranea articla, 
raapactlvaly; 

and comparison Mana for comparing tha two aata of iMgaa and for 
outputting an alactrical aignal indicating a dafact at a location wharain a 
mismatch of a predetermined Mgnltuda occura batween tha inapactad articla 
iMga and tha rafaranea articla luga. 

50. Tha apparatua according to Ciaia 49, wharain aaid aacond 
examining aaana further coapriaea: 

depth-varying Mana for producing a plurality of images on aaid 
converter aeana at different deptha at aaid euspected locationa on tha 
inspected articla and corresponding locationa on tha rafaranea articla; 

and shifting means for ahifting tha alactrical aignala of one sat 
with respect to those of the other set to Mtch tha respective depths of 
the two sets of luges. 

51. The apparatua according to Claim 50, wharain aaid 
depth-varying means includes a drive for moving tha inapactad article and 
the reference articla towards and away from aald converter to produce said 
plurality of mages at different depths. 

52. The apparatus according to Claia 49, wherein said 
illuminating means includes a flashlamp which is periodically flashed to 
permit successive illuminationa of tha inspected articla and the reference 
article on-the-fly while said articles are in motion. 

53. The apparatus according to Claia 49, wherein said comparison 
mesne includea a proceasor which comparea tha two aets of iuges pixel-by- 
piael. with each pixel including ita aurrounding pixaia, in accordance with 
predetermined thresholds. 

54. The apparatus according to Claia 53, wherein said companaon 
meana outputs aignala indicating the lo< itlon of each defect detected, 

55. Apparatua for inspecting arttclaa laving a plurality of 
comparable pattern unita to be inspected, by comparing each auch unit, 
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Identified aa an inspected pattern unit, with at leeat one other, 
Identified aa a reference pattern unit, comprialng: 

a table for eupporting the article to be inepexted; 
mesne for generating • titut flow of A etreams of data 
representing the pixels of different Images of the Inspected pattern unit, 
and a aecond flew of N atreau of data representing the pixels of 
corresponding images of the reference pattern unit; 

and a proceaaor for comparing the data of aald flrat flow with 
the data of the aecond flow, to provide an Indication by aald comparison of 
the suspected locations of the suspected pattern unit having a high 
probability of a defect. 

56. The apparatus according to Claim 55, wherein aald processor 

includes: 

misalignment correcting tisane for correcting any misalignment 

between the two flows of data: 

comparison ••ana for comparing the data of each stream of the 
first flow with the data of the corresponding stream of the second flow to 
provide an elarm value indicating the significance of the presence of a 
suspect*^ pixel In the stream; 

and dotector means for detecting a defect at a pixel location 
according to N alarm values corresponding to the H streama of data* 

57. The apparatus according to Claim 56, wherein said 
misalignment correcting means includes: 

misalignment detector means for detecting misalignment between a 
registration point in at least one stream of each flow; 

and ahifting means for shifting one flow with respect to the 
other flow to correct for said misalignment. 

56. The apparatua according to Claim 57, wherein said 
misalignment detector means Includes means for computing similarities 
between coi respond l%g streams of data by summing correlation measurements 
at selected li*:etlons in all possible misalignments. 

59. The apparatus according to Claim 58, wherein said means for 
computing similarities comprises s correlation matrix including a 
correlation measure for each possible misalignment between the two streams, 
and said shifting means shifts one stream with respect to the other 
according to the output ol fcaid correlation matrix. 

60, The apparatus according to Claim 56, wherein said comparison 
means Includes assigning means for assigning each pixel in each stream of 
each flow with one of a plurality of types according to predetermined 
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p.r.Ht.r. with r..p~t to It and it. pia.l wlghboori. and —n- tor 
coeparlng correaponding pLal. in th. two .trea» with reapect to 
predeter.ined thr.ahold. which d^nd on th. typ. ae.ign«S to th. 
respective pl.el in th. inap«:ted-articl. .tr.ae. of pis.ls. 

II. Th. apperatue according to Clai. «0, wh.r.in ..id co.pari.on 
M .n. include, —n. tor detecting . defect .t . pi«.l lotion according 
to th. co-.in.tion of th. * alar, value, correaponding to th. » .tr.... of 
d«t.. 

62. Th. epparatue .ceordlno to CUI. .1. wher.in ..Id ee.ignlng 
••an. ...ionr ..ch pU.l on. of • plur.llty of typ.. .ceordlno to the 

following paraaet.r.: 

(•) local uilH, indicting whether tho piael la • mMwm 

ral.tlv. to lta neighbour.; 

(b) lnt.n.ity. indicting whether th. lntenelty of th. piael ia 
• ignlflcnt ral.tlv. to a predetermined thr.ahold; 

(e) r.tlo of lntenelty. Indicting whether th. int.n.lty of th. 
pixel la .ignlflcnt with reapect to It. naighbour. relative te lta 
predetermined thr.ahold; and 

(d) gradiant. indicating whether th. piael la loctad in a elop«i 
with neighbourlne pi.ele ralatlva to a pradataralnad thraahold. 

63. Tha apparatua according to Claie. 61. wharain .aid para»etere 

include tha following: 

(a) iaolatad peak. If tha piael la a loci aaaiaa with 

significant intan.ity and ratio; 

(b) .ultipeak. if tha piael ia not an iaolatad peak and haa 
significant lntenelty, and nona of ita naighboura la an iaolatad peak; 

(cl alopa. If either ona of tha piael'e naighboura la an isolated 
peak or haa aignif leant gradiant; and 

(d) background. If tha piaal haa no significant intensity or 
gradiant, and nona of ita naighboura la an iaolatad paak. 

64. Tha apparatua according to Clai. 55. wharain aaid aain. for 
generating aaid firat and aeconrt flow, of H .tr.ta. of data coapriaea: 

optic .canning aean. including a light aourca outputtinc a light 
be., which acana in two dl.en.ion. the coaplete .urf.ee. of the co.par.bi. 
pattern unit, to be inapectad; 

«nd light detector .eana for detecting the light reflected frc. 

said surface.. 

65. The «pp.r.tus according to Clai. 64. wharain aaid light 
detector .eana coapriaea a circular .rr.y of light collector.. 
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II. Th. .ppar.tu. according to CU1. 65, -hr.in ..id cc-p.r.bl. 
p.tt.m unit. .r. ba..d on a grid of angularly-P-cd lin..; Mid 
circular array of light collator, includ. light collator. locat* 
coll.ct th. light in r.gion. .idw.y b.tw~n th. 
th. grid. th.r.by .ini.Uin, th. ..ount of p.tt.m-r.f 1-cfd light 
coll.ct»d by th. r..j»ctlv. light collector. 

7l. Th. app.r.tu. according to CU1. 66. -h«.ln th.r. ar. .ight 
light collator. «p.cd .part at 45* lnt.rv.1.. 

66. Th. .pp.r.tu. according to Cl.i. 65. «n«.in ..Id optic 
.canning ...n. furth.r Includ.. a light d.fUctor for d.fl.ctln, th. light 
b... .ion, on. orthogon.1 and -an. for -ovin, th. artlcl. .Ion, 

.noth.r orthogonal a.l. to thar.by .tfct th. t-0-dl..n.ional .canning of 
th. co.par.bl. patt.rn unit, to b. in.t»ct.d. 

69. Th. apparatu. according to Clal. 65. -har.ln •«* of ..id 
l l9 ht collator, includ.. an optic flbr. for guiding th. light to th. 
r.spoctlv. light d.t.ctor. 

70. Th. .ppar.tu. .ccordin* to Clai. 69. whor.in th. light 
r.c.ivm, .nd of ..ch of ..id optic Mbr.. 1. of . .h.P*. curvd 
configuration havln, -id.. conv.r,in, fro. . b... .ub.t.nti.lly par.l .1 to 
th. mapacfd artlcl.. to . point* tip ov.rlyln, th. in.p*ct.d •'"el.. 

71 Th. .ppr.tu. according to Cl.i. 70. wh.r.in th. -idth of th. 
light reiving .nd of ..ch of ..id optic fibr.. 1. .bout 16« at it. b... 
.nd for., .n .ngl. of about 49« b.t-~n it. b... and it. tip. 

72. Th. .pparatu. according to Cl.i. 64. whar.in ..id light 

courc. l. . laa." 

73 The .ppar.tu. according to Clai. 72. «h.r.in ..id la.«r 
output. . Hn..rly pol.nx^ b...; and ..id optic .canning ...n. furth.r 
includ.. . pol.nr.r b.tw.«n th. l...r and th. articl. to b. 

which convrt. th. lin..rly pol.rL.d b... to . circul.rly pol.n,.d b... 
applied to th. «urf.c. of th. inap.ct.d .rticl.. 

74 Th. . PP .r.tu. according to Cl.i. 73. «h.r.in ..id pol.rix.r 
.Uo convrt. th. light r.fl.cfd fro- th. .rticl. to Un..r pol.ri.ation 
orthogonal to th. lln..r pol.rtz.tion dxr.ctlon of th. pol.rlr^ l.-r 

.nd wh.r.in ..id optic .canning ...n. includ.. . furth.r light 
d.t.ctor for r.c.ivin, th. reflected light fro. ..id pol.rn.r and a b... 
.pntt.r b.tw..n th. l...r .nd pol.ri,.r for r.fl.ctlng th. r.fl-cted light 
to th. furth.r U,ht d.t.ctor .nd for blocKin, th. r.flecfd light fro. th. 
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75. The apparatua according to Clala 69, wherein aald optic 
•canning Mana furthar includaa an acouato-optlc daf lector which daflacta 
the light baa* along aald ona orthogonal axle In a aawtooth pattam In tha 
time domain; and a drlva Cor driving tha lnapactad artlcla along tha other 
orthogonal axla to affact tha two-dimensional acannlng of tha aurfaca of 
tha lnapactad artlcla. 

76. Tha apparatua according to Clala 66, wherein aald optic 
acannlng mesne furthar Includaa a beam expander between tha light aourca 
and tha light daf lac tor, and a cylindrical lene which focuaaaa tha expanded 
baaa on tha light daf lac '.or. 

77. Tha apparatua according to Clala 68, wherein aald optic 
acannlng meana furthar Includaa a multl-megnlf 1 cat Ion talaacopa having a 
rotatabl* turrat carrying dlffarant objective a for focuaalng tha light baa* 
on tha artlcla to ba lnapactad. 

76. Tha apparatua according to Clala 55, wharaln aald tabla la 
conatructad to aupport a aaal -conductor wafar having a plurality of like 
integrated-circuit dlaa aach foraad with Ilka patterns, tha pat tarn of ona 
dla nerving aa the lnapactad pattam unit to ba coaparad with a Ilka 
pattarn of at laaat ona othar dla aarving aa tha rafaranca pattarn unit. 

79. Tha apparatua according to Claia 55, wharaln aald tabla la 
conatructad to aupport a caul -conductor wafar having a plurality of 
integratad-clrcult dlaa, aach foraad with a plurality of Ilka pattarn 
umta, ona pattarn unit of ona dla aarving aa tha lnapactad pattarn unit to 
ba compared with anothar Ilka pattarn unit of tha eaae dia serving as tha 
reference pattarn unit. 

60. Apparatua for Inspecting artlclea having a plurality of 
comparable pattarn units to ba inspected, by comparing aach such unit, 
identified as an inspected pattarn unit, with at least ona othar, 
identified aa i rafaranca pattarn unit, comprising: 

a tabla for aupport ing tha articles to ba lnapactad; 

lllualnatlng aaana for illuminating a predatarained location of 
tha inspected artlcla, and a corresponding location of tha reference 
artlcla; 

converter means for receiving the lmagea of tha illuminated areas 
of the inspected artlcla and of tha reference artlcla, and for converting 
said images to two sets of electrical signala representing pixels of tha 
received images of the inspected artlcla and of tha reference article, 
respectively; 



and • processor for coaparing th. two s.ts of IM9N «or 
outputtin, an .l.ctric.1 signal indicating . d.fect «t . location wh.r.in . 
.i..atch of a pr.dtt« niMd .agnitud. occur. b.t«~« th. in.p~ted article 
iaag« and th. r.f.r.nce articl. i»ag.. 

81. The apparatus according to Clai. 60, further co.pr.aing: 
d.pth-v.rying .e.n. for producing . plurality of i.age. on said 
converter ...n. of diff.r.nt d.pth. at ..id pr.d.t.r.lned location, of th. 
inspect* articl. and corre.ponding loc.tiona of th. r.f.r.nc. articl.; 

•nd .hitting wan. for ahifting th. .lactrical .ignala of on. >.t 
with r..p«:t to tho.. of th. other ..t to -tch th. re.pectiv. d.pth. of 

th. two a.ta of iaag.s. 

62. Th. apparatus accerdinc to Clai. 81, whar.in .aid 
depth-varying ..an. includ.. a driv. for .oving th. inspect.*! articl. and 
th. reference articl. toward, and away fro. ..id co,,v.rt.r to produc. .aid 
plurality of lnages at differ.nt depths. 

83. Th. apparatus according to Clai. 80, wherein said 
Urinating ..an. include, a flaahl.-p which i. periodically flashed to 
per.it .uccessive illuminations of th. inspect* articl. and th. reference 
articl. on-the-fly while .aid articl.. ar. in .otion. 

84. Th. apparatua according to Clai. 80. wh.r«in .aid proc.a.or 
compare, th. two sets of i.ag«. pixel -by-pia.l. with each pia.l including 
it. surrounding pixels, in .ccordanc. with predetermined thro.hold.. 

85. Th. apparatus according to Clai. 84. wh.r.ln said proc.sor 
outputs signals indicating th. location of .ach defect detect*. 

86. Th. apparatus according to Claia 80. wherein said tabl. i. 
constructed to support a se.i -conduct or wafer having a plurality of lik. 
integrated-circuit di.. ..ch for.* with like patt.rna. th. patt.rn of on. 
die serving as th. inspected patt.rn unit to be compared with a like 
pattern of at leaat one other die .erving aa th. reference pattern unit. 

87. Thi apparatus according to Clai. 80. wherein said table is 
.instructed to support a s..l -conductor wafer having a plurality of 
integrate-circuit diea. each formed with a plurality of like pattern 
unit., one patt.rn unit of on. di. a.rving aa the inepected pattern unit to 
be compared with another like patt.rn unit of th. .... die ..rving as th. 

reference patt.rn unit. 

88. Th. ..thod according to Clai. 5. wherein ..id r.petitiv. 
pattern unit, are .paced fro. each oth.r • pred.t.r.ined di.t.nc. such a. 
to defin. repetitive pattern .one., and th. .uap.cted location, outputted 
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tro . ..id flr.t ph... «. r..trlct.d to location. In ..id r.p.tltiv. 

~ tum T*. .pp.— ™ » «• - id m : 

p. t t.rn. in .11 Mi- «« " -P— * ^TZ^ 

Stance .uch .. to dWln. r.p.tltl~ p.tt.m .on..; * ^ - 
....inln, ...n. includ.. — for .uppr...l«9 fro. th. 
outputfd fro. ..Id flr.t ph... tho.. loctlon. not In ..id ..p.»»v. 

"""" Tlh. .ccordln, to Cl.l. 2. *h.r.ln ..id .u.p~t.d 

loc.tion. .r. 1-9* on ..id convrt.r by <Urkfl.ld i«9in9 

"u Th. .PPT.tu. .ccordin, to CU» 42. 
C ..id ..cond ....inino I. <Ur«l.ld l~9>n9 

92. Th. ..thod .ccordin, to CU» 17. wh.r.ln ..»d ..cond f lo- 
N , tr .... of d.t. r. P r«.ntln9 th. pU.1. of corr.-pondin, of . 

C.r.nc. .r. 9-n.r.t.d fro. r..l i~9.. of .noth.1 1th. .rticl.^ 

95. Th. ..thod .ccordln, to Cl.l. 17. «h.r.in •»< Meond llo- 
„ .tr.». of d.t. r. P r...ntin, th. pi«.L of corro.pondin, of. 
^.r.nc. - 9-n.r.t^ fro. r..l U.9-. of .noth.r Ilk. P-tt.m on th. 

rtlC 9 I: Th . ..thod .ccordin, to Cl.l. ». — "-nd «- - 

N «tr..« of d.t. r.pr.-.ntin, th. pi"" of corr.-pondxn, i..9«. |« • 
r .fer.,,. .r. ,.n.r.t.d fro. ^ 1«9« d.riv.d fro. . d. 

95. Th. ~thod .ccordin, to CUi. 26. «h.r.in ..id H .tr.... 
o.t. in ..id fir.t .tr... «. 9-n.r.t.d by . circul.r .rr.y of li,ht 
coU.ctor.. .nd ..id .nd .tr.... of d.t. in ..id ..cond .tr... «. 
v4 .nor.t«l fro. «i.ul.t.d i..9« d.rivd fro. . d.t.b.... 
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